Introduction: Oxidant agents used for top-decontamination in cytotoxic reconstitution units may spread into IV bags. The amount of hydrogen peroxide passing through the bags and its release have been evaluated using wrapped or unwrapped infusion bags made of three layers of polyolefin (Freeflex
Introduction
Vaporized oxidant agents are used in order to guarantee sterility in the isolators and top-decontamination of medical devices and raw materials used for cytotoxic reconstitution. Two oxidant agents are frequently used: peracetic acid is being used since 1980 whereas hydrogen peroxide has been developed more recently [1] .
Unlike peracetic acid, hydrogen peroxide is odorless and slightly corrosive with the same efficiency and almost the same decontamination time. However it remains irritating to skin, mucous membranes and respiratory tract [1] .
Firstly hydrogen peroxide (H 2 O 2 ) turns into water and oxygen through an exothermic reaction [2] . Secondly oxygen leads to the formation of free radicals which attack the lipid membrane and the DNA of microorganisms [3] .
During the decontamination process hydrogen peroxide is in contact with infusion bags. Then, it may pass through the bag and affect its integrity, its pH value or oxidize anticancer drugs in which it will be injected in.
Oxidant agents can pass through the bag whatever top-decontamination method is used [2] .
The aim of this study is to assess the amount of hydrogen peroxide passing through the bags and its release rate over time.
We have compared H 2 O 2 diffusion during decontamination with or without overwrapping.
In case of a non-significant amount of H 2 O 2 in bags, it will be possible to consider removing the overwrapping before decontamination. This removal will reduce the amount of waste in a rapidly congested environment.
Materials and methods

Materials
Solvents and Reagents:
-Freeflex ® infusion bags made of three layers of polyolefin, with a polypropylene overwrap, 50 ml of NaCl 0.9 % have been provided by Fresenius Kabi (Sèvres, France) [3] .
-Hydrogen peroxide solution 30 % has been purchased from Eurobioconcept (Bonneuil-sur-Marne, France)
-Pierce TM Quantitative Peroxide Assay Kit, Thermo Scientific (Illkirch Cedex, France).
Equipment:
-Eppendorf BioSpectrometer ® (Montesson, France).
Bags decontamination
Three series of measurement were carried out using two packages of thirty bags; package A composed of 30 overwrapped bags and package B composed of 30 nonoverwrapped bags. Each series has undergone a decontamination cycle with H 2 O 2 . The cycle lasted 43 min and included an injection phase of hydrogen peroxide (25 min), a contact phase (3 min) and an aeration phase (15 min).
In order to reflect the storage conditions in the unit, bags were kept in a refrigerator and away from light. Samples were taken at t 0 , t 1 , t 2 , t 7 , t 21 days. The volume collected in each bag and at each sampling time was 1.5 ml. The sampling has been performed after homogenization.
Spectrophotometry assay
This is an indirect method based on the oxidation of ferrous iron (Fe 2 + ) into ferric iron ( The analysis was conducted according to the instructions of the kit. First, a solution of ferrous iron and xylenol orange is extemporaneously prepared. Then increasing concentrations of hydrogen peroxide (from 0.00 to 2.70 ppm) are added to the mixture. The reaction has been incubated.
A calibration curve was made prior to each analysis in sodium chloride 0.9 %, to avoid any matrix effect. The calibration range was linear from 0.00 to 2.70 ppm, each R 2 value was superior or equal to 0.99 ( Figure 2 ). concentration and standard deviation measured is 0 ppm after 21 days for series n°1, 0.014 ± 0.023 ppm after 21 days for series n°2 and 0.004 ± 0.017 ppm after 21 days for series n°3.
Statistical analysis
In package B (non-overwrapped bags), there is a gradual increase of H 2 O 2 concentration over time. The maximum concentration measured is 0.17 ± 0.04 ppm after 21 days for series n°1, 0.09 ± 0.03 ppm after 21 days for series n°2 and 0.05 ± 0.04 ppm after 21 days for series n°3 (Figure 3 ). No significant difference is found between overwrapped and non-overwrapped bags at t 0 and t 1 whereas at t 2 , there is a significant difference between bags from package A and bags from package B (p < 0.05). Moreover the difference gets more significant with time.
All p values are listed in Table 1 .
Moreover no hydrogen peroxide concentration difference is observed depending on the bags position in the decontamination airlock. We have a homogeneous distribution of oxidant agent.
Discussion
In this paper, for the first time we have demonstrated that a gradual increase of H 2 O 2 concentration over time has been observed in non-overwrapped bags. Plastics can absorb and release oxidizing agents. However, for the first series there is a peak at t 1 with an average H 2 O 2 concentration of about 0.11 ± 0.07 ppm for package B and 0.006 ± 0.023 ppm for package A. This unexpected increase may suggest a contamination of samples during handling of bags and samples assay.
The main issue of this study remains in the absence of a toxicity threshold for hydrogen peroxide [6, 7] . Because of this absence, and due to our observation of a significant H 2 O 2 release over time, we decided to keep the overwrapping of bags according to the precautionary principle.
The lack of hydrogen peroxide at t 0 in overwrapped or non-overwrapped bags allows to consider withdrawing the overwrapping for a lean production with an extemporaneous used. However we decided to consider that the release of H 2 O 2 in non-overwrapped bags makes it impossible to remove the overwrapping for a pre-empted production.
Hydrogen peroxide assay by this spectroscopy method has several benefits. Firstly we used a readyto-use kit with an easy implementation, and secondly the chemical reaction was fast (around twenty minutes). 
Perspectives
Another method using high performance liquid chromatography [8] (HPLC) based on the oxidation of triphenylphosphine by hydrogen peroxide could be used for this assay in order to confirm the results of our experiments. Moreover, it could be interesting to study the impact of oxidation on anti-cancer drugs and monoclonal antibodies, in order to assess if very low quantities of hydrogen peroxide can affect their structure or mechanism of action.
Finally, it may be interesting to compare the importance of absorption and release of oxidizing agents with other plastics.
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